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ABSTRACT 



A liquid crystal device comprises a pair of substrates and a 
liquid crystal provided between the paired substrates 
wherein domains whose threshold voltages are different 
from one another are finely distributed throughout the liquid 
crystal. In particular, the respective substrates each has a 
transparent electrode and an alignment film formed thereon 
in this order and the substrates are assembled to establish a 
given space therebetween, and a ferroelectric liquid crystal 
being injected into the given space wherein domains are 
finely distributed as set out above, thereby providing a a 
liquid crystal display device. The fine distribution is such 
that when a transmittance through inverted domains is 25%, 
the number of domains (microdomains) having a size of 
larger than 2 /*m<j> in a field of 1 mm 2 is not smaller than 300, 
preferably not smaller than 600, and the width of the 
threshold voltage within the domains is not smaller than 2 
volts within a transmittance range of from 10 to 90%. The 
liquid crystal device, particularly the display 'device, keeps" 
a high contrast and can easily, reliably realize an analog 
gray-scale display at low costs. 

22 Claims, 31 Drawing Sheets 
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LIQUID CRYSTAL DEVICES COMPRISING A 

MULTITUDE OF DOMAINS HAVING 
DIFFERENT THRESHOLD VOLTAGES FOR 
SWITCHING LIQUID CRYSTALS 

This is a continuation of application Ser. No. 08/139,908 
filed Oct. 22, 1993 U.S. Pat. No. 5,654,784 which is incor- 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of The Invention 

This invention relates to a liquid crystal device having a 
liquid crystal provided between a pair of substrates and more 
particularly, to an improved liquid crystal device wherein a 
pair of substrates, each having a transparent electrode and an 
alignment film thereon in this order, are provided at a given 
space therebetween so that the alignment films of the 
respective substrates are in face-to-face relation, and a 
ferroelectric liquid crystal provided in the space between the 
paired substrates. 

2. Description of The Prior Art 

Studies and developments of ferroelectric liquid crystals 
(PLC) for application as display devices have been progres- 
sively made for the past decade. The FLC display devices 
have the following three characteristic features (1) to (3). 

(1) High speed response (higher by 1000 times than that 
of known oematic display devices). 

(2) Reduced dependence on an angle of view. 

(3) Capability of memorizing images. 

As a display technique of such ferroelectric liquid 
crystals, there has been proposed by Clark et al (U.S. Pat. 
No. 4,367,924) a surface stabilized ferroelectric liquid crys- 
tal display device wherein the cell gap between the display 
panels is so controlled as to be not larger than 2 /on and 
liquid crystal molecules are aligned by use of a molecule 
alignment regulating force established at the interface 
between the panels, thereby attaining bistable energy states. 
Based on the high speed response in the order of microsec- 
onds and the memorizing effect of images, this device has 
been intensively studied and developed. 

The bistable mode ferroelectric liquid crystal display has 
a number of features. More particularly, since the display 
device has the memory properties, flickering which is one of 
the problems of a cathode ray tube (CRT) can be avoided. 
Moreover, the display device can be driven at 1000 or more 
scanning lines by a simple X-Y matrix drive (without 
driving with a thin film transistor (TFT)). In addition, with 
regard to the problem of currently employed nematic liquid 
crystal displays that the viewing angle is narrow, the ferro- 
electric liquid crystal display has a uniform alignment of 
molecules and has the gap between the panels which is not 
greater than the half of that of the nematic liquid crystal 
panels, 1 so that a wide viewing angle can be attained. 

Such a ferroelectric liquid crystal display device has a 
structure as* for example, schematically shown in FIG. 36. 
More particularly, a transparent substrate la such as glass is 
provided, on which a transparent electrode layer 2a such as 
ITO (indium tin oxide) and a liquid crystal alignment film 3a 
sucb as, for example, a SiO oblique vacuum deposition layer 
are formed to provide a builtup structure A. Likewise, a 
substrate lb is provided on which a transparent electrode 
layer lb and, for example, a SiO oblique vacuum deposition 
layer 3b are formed to provide a builtup structure B. These 
structures are so arranged that the SiO oblique vacuum 
deposition layers 3a, 3b, which are, respectively, used as a 
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liquid crystal alignment film, are facing each other. Spacers 
4 are intervened between the structures to provide a liquid 
crystal cell. A ferroelectric liquid crystal 5 is injected into a 
given cell gap to complete a liquid crystal display device. 
5 Although the FLC display device has such good features 
as set out hereinabove, there is the problem that an analog 
gray-scale display is difficult. More particularly, existing 
bistable mode ferroelectric liquid crystal display devices are 
stabilized only in two modes. Thus, it has been accepted that 

io the devices are not suitable for the analog gray -scale display 
such as of video signals. 

With conventional ferroelectric liquid crystal devices (e.g. 
surface stabilized ferroelectric liquid crystal devices), the 
alignment direction of the molecule M is switched between 

15 state 1 and state 2, as shown in FIG. 37, relative to an 
externally applied electric field E. This change in the align- 
ment of the molecule is developed as a change in transmit- 
tance when the liquid crystal device is placed between the 
polarization plates which are intersected at right angles. As 

20 shown in FIG. 38, the transmittance relative to the applied 
electric field is abruptly changed from 0% to 100% at a 
threshold voltage V^. The range or width of the threshold 
voltage within which the transmittance undergoes the abrupt 
change is generally not larger than 1 V. Accordingly, with 

25 known liquid crystal devices, it becomes difficult to have a 
stable threshold voltage width in the transmittancc/applied 
voltage curve. Thus, the analog gray-scale display based on 
the control of the voltage will be difficult or impossible. 

3Q To cope with the difficulty, there has been proposed a a 
gray-scale method wherein sub-pixels are provided to appro- 
priately control an area of pixels (pixel area gradation 
method), or a method wherein using high speed switching of 
a ferroelectric liquid crystal, the switching is repeated during 
one field (time integration gradation method). However, 
these methods have not been satisfactory with respect to the 
analog gray-scale display yet. 

More specifically, with the area gradation method, an 
increasing number of gradations results in the increase in 

^ number of necessary sub-pixels. From .the aspect of .fabri- 
cating and driving display devices, it will be apparent that 
cost performance is not good. On the other hand, the time 
integration gradation method is disadvantageous in its prac- 
tical utility when used alone or in combination with the area 

45 gradation method. 

In order to carry out an analog gray-scale display for 
every pixel, there has been proposed a method wherein the 
electric field intensity is locally graded by changing the 
distance between the facing electrodes within one pixel or 

50 by changing the thickness of a dielectric layer formed 
between the facing electrodes. Alternatively, a method has 
been proposed in which the voltage is graded by changing 
materials for the facing electrodes. 
However, for the fabrication of liquid crystal display 

55 devices having analog gray-scale or gradation display char- 
acteristics at a practical level, these methods have the 
problem that the fabrication steps become complicated, the 
fabrication conditions have to be very severely controlled, 
and the fabrication costs become high. 

60 On the other hand, as set forth in Japanese Laid-open 
Patent Application No. 3-276126, there has been proposed 
an FLC display device wherein the alignment film has fine 
alumina particles with a size of 0.3 to 2 fian sprayed or 
distributed over the surface thereof. The area of the inver- 

65 sion of the ferroelectric liquid crystal domain at portions 
where the fine particles are present and at portions where no 
fine particles are present is controlled by means of an applied 
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voltage to make an intended gray-scale display. However, FIG. 8 is a pulse wave diagram for evaluating the relation 

with this known device, the fine particles are too large in size between the applied voltage and the contrast ratio of a liquid 

and the amount of the particles being sprayed is not clearly crystal display device; 

set forth. In practice, it would be almost impossible to realize FIG. 9 is a graph showing the relation between the 

an intended analog gray-scale display. More particularly, 5 contrast ratio and the applied voltage of liquid crystal 

mere spraying of the fine particles with a size of 03 to 2/*m display devices of the invention and for comparison; 

in a cell gap of 2 pan makes it very difficult to minutely FIG. 10 is a graph showing the relation between the cone 

change the area of the inversion of the liquid crystal within angle and the temperature of liquid crystal display devices of 

one pixel. In addition, the ferroelectric liquid crystal display the invention and for comparison; 

device makes a display in birefringence mode of the liquid 10 FIGS. 11A, 11B and 11C are, respectively, a size distri- 

crystal, so that it will be very difficult to control the cell gap, bution for different types of titanium oxides; 

resulting in color shading. This is considered to be the same FIG. 12 is a graph showing the relation between the 

as with existing STN (super twisted nematic) display device transmittance and the applied voltage of liquid crystal dis- 

wherein the variation of the cell gap should be not larger p i ay devices using different types of fine particles; 

than 500 angstroms. is pi G . 13 is a graph showing the relation between the 

SUMMARY OF THE INVENTION standard deviation of a size distribution and the gradient of 

the variation of a transmittance of a liquid crystal display 

It is accordingly an object of the invention to provide a device; 

ferroelectric liquid crystal device which overcomes the FIG. 14 is a schematic view illustrating measurement of 

drawbacks of the prior art devices. 20 X-ray diffraction of a liquid crystal display device; 

It is another object of the invention to provide a ferro- FIG. 15A and FIG. 15B are, respectively, a schematic 

electric liquid crystal device which can easily, reliably view illustrating a diffraction phenomenon for different 

realize an analog gray-scale or gradation display at low costs incident angles of X-ray at the time of the measurement of 

while keeping a high contrast X-ray diffraction; 

It is a further object of the invention to provide a ferro- FIGS. 16A and 16B are, respectively, X-ray diffraction 
electric liquid crystal device wherein microdomains with patterns wherein diffraction intensities obtained by measure- 
different threshold voltages are developed within one pixel, ment of X-ray diffraction are shown for comparison for 
so that the transmittances of the microdomains are relatively different widths of threshold voltage; 
gently changed depending on the voltage being applied. 30 FIGS. 17A and 17B are, respectively, schematic views 

It is a still further object of the invention to provide a showing angles of inclination of the liquid crystal layer for 

ferroelectric liquid crystal device wherein when liquid crys- different widths of threshold voltage; 

tal molecules are bistable, flicker-free still images with a FIG. 18 is a schematic perspective view of a liquid crystal 

memory function can be formed, thereby ensuring an analog display device; 

continuous gradation or gray-scale display at high contrast. 35 FIG. 19 is a view showing a scanning waveform and a 

The above objects can be achieved, according to the signal waveform; 

invention, by a liquid crystal device which comprises a pair FIG. 20 is a graph showing the relation between the 

of substrates, and a liquid crystal provided between the transmittance and the applied voltage of a liquid crystal 

paired substrates, domains whose threshold voltages for display device of the invention; 

switching the liquid crystal are different from one another 40 FIG. 21 is a graph showing the relation between the 

being finely distributed in the liquid crystal. transmittance and the applied voltage of another type of 

BRIEF DESCRIPTION OF THE DRAWINGS Uq^d costal dispky devk* of the invention; 

FIG. 22 is a schematic plan view showing an electrode 

FIG. 1 is a graph showing the relation between the arrangement of a liquid crystal display device of the inven- 

transmittance and the applied voltage, which shows a thresh- *5 tion; 

old voltage characteristic, of a liquid crystal display device FIG. 23 is a schematic plan view of an electrode arrange- 
according to the invention; mcn t of a liquid crystal display device wherein two electrode 

FIGS. 2A and 2B are, respectively, a schematic view units are intersected; 
illustrating the variation of transmittance at the time of FIG. 24 is a view showing a practically employed scan- 
switching of the liquid crystal display device and a sche- 50 nin g waveform; 

matic view similar to FIG. 2A but illustrating a case involv- piG. 25 is a view showing a practically employed signal 

ing no gradation; waveform; 

FIG. 3 is a schematic sectional view of a liquid crystal FIG. 26 is a view showing a display pattern obtained by 

display device according to one embodiment of the inven- ^ the waveforms of FIGS. 24 and 25; 

non i FIG. 27 is a graph showing the relation between the 

FIG. 4 is a schematic view illustrating an effective electric contrast ratio and the applied voltage of liquid crystal 

field in the liquid crystal of the liquid crystal device; display devices of Examples 1 and 11; 

FIG. 5 is a schematic sectional view of a liquid crystal FIG. 28 is a plan view of pixels used to measure a pretilt 

element according to another embodiment of the invention; ^ angle of liquid crystal molecules; 

FIGS. 6A and 6B are, respectively, schematic side and FIGS. 29A and 29B are, respectively, a graph showing the 

plan views illustrating vacuum deposition of a substance relation between the number of pixel domains and the pretilt 

other than SiO on a SiO oblique deposition film so that angle of different liquid crystal molecules; 

liquid crystal molecules have a distribution of pretilt angles; FIGS. 30 A, 30B and 30C are, respectively, the relation 

FIGS. 7 A and 7B are, respectively, a schematic sectional 65 between the contrast ratio and the intensity of an applied 

view of a liquid crystal display device according to a further electric field for different liquid crystal display devices of the 

embodiment of the invention; invention; 
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FIGS. 31A and 31B are, respectively, a graph showing the 
relation between the contrast ratio and the intensity of an 
applied electric field of liquid crystal display devices of the 
invention; 

FIG. 32 is a graph showing the relation between the 
contrast ratio and the intensity of an applied electric field for 
different liquid crystal display devices of the invention and 
for comparison; 

FIG. 33 is a graph showing the relation between the 
contrast ratio and the intensity of an applied electric field for 
different liquid crystal display devices of the invention and 
for comparison; 

FIG. 34 is a graph showing the relation between the 
contrast ratio and the intensity of an applied electric field for 
different liquid crystal display devices of the invention and 
for comparison; 

FIGS. 35A and 35B are, respectively, a schematic view 
illustrating a transmitting state of a liquid crystal display 
device for comparison; 

FIG. 36 is a schematic sectional view of a prior art liquid 
crystal display device; 

FIG. 37 is a schematic view illustrating the behavior of a 
ferroelectric liquid crystal; and 

FIG. 38 is a graph showing the relation between the 
transmittaoce and the applied voltage of a prior art liquid 
crystal display device. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The liquid crystal device of the invention may be so 
arranged that the device comprises a pair of substrates, each 
substrate having a transparent electrode and an alignment 
film formed thereon in this order, the substrates being 
arranged at a given space therebetween so that the alignment 
films of the respective substrates are facing each other, and 
a ferroelectric liquid crystal infected into the given space. 
The term "fine domains whose threshold voltages for 
switching the liquid crystal are different from one another 
are finely distributed" means that when the transmittance 
through inverted domains (e.g. black domains in white and 
vice versa) is 25% the number of domains having a size of 
larger than 2 /im<{> (microdomains) in a field of 1 mm 2 is not 
smaller than 300, preferably not smaller than 600 and that 
the width of the threshold voltage within the domains is not 
smaller than 2 volts within a transmittance range of from 10 
to 90%. 

As is particularly shown in FIG. 1, the liquid crystal 
device of the invention undergoes a relatively gentle change 
of transmittance in relation to the variation of an applied 
voltage. This is contrary to the prior art device where the 
transmittance is abruptly changed as shown in FIG. 38. As 
stated hereinabove, this is because fine domains or micro- 
domains whose threshold voltages (V^ are different from 
one another appear within one pixel and thus, the transmit- 
tance of the microdomains are changed depending on the 
applied voltage. When the liquid crystal molecules are 
bistable in one domain, a memory function is imparted, so 
that flicker-free still images can be realized. Since one pixel 
consists of domains in the order of fan whose threshold 
voltages differ from one another, a continuous gray-scale 
display becomes possible. 

In FIG. 1, among the threshold voltages at which the 
transmittance is varied, the threshold voltage is taken as V rtl 
at a transmittance of 10% and as V rA2 at a transmittance of 
90%, the width of the variation of the threshold voltage, i.e. 
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AV^-V^-V^, is not smaller than 2 volts. The micro- 
domains should be present at a rate of 300 microdomains, 
with a size of larger than 2 /mn(>, per mm 2 when the 
transmittance is 25%. This is schematically shown in FIG. 

5 2A wherein microdomains are indicated by MD. By the 
presence of the microdomains which are fine light- 
transmitting portions, a half-tone picture (transmittance) can 
be realized. Such a microdomain structure assumes a 
so-called starry sky and will be hereinafter referred to as 

10 "starlight texture". 

According to this starlight texture, the light-transmitting 
portions MD based on the microdomains may be enlarged in 
area (or increased in transmittance) as shown by dot-and- 
dash circle in FIG. 2A, or may be reduced in size (or 

15 decreased in transmittance), depending on the applied volt- 
age. Thus, the transmittance can be arbitrarily controlled 
depending on the applied voltage. In contrast, in known 
structures or textures shown in FIG. 2B, the width of the 
threshold voltage is so small that light-transmitting portions 

20 D are abruptly increased in number or disappear depending 
on the applied voltage, making it very difficult to make an 
analog gray-scale display. 

In the practice of the invention, the microdomains can be 
formed by dispersing ultrafine particles in a liquid crystal. 

25 FIG. 3 shows an FLC display having a fundamental structure 
as shown in FIG. 36 and is not particularly described except 
that ultrafine particles 10 are dispersed in the liquid crystal 
5. 

30 The variation of the threshold voltage caused by the 
ultrafine particles 10 is principally set forth. When the size 
of the ultrafine particles 10 is taken as d^, the dielectric 
constant of the particles 10 as t 2 , the thickness of the liquid 
crystal 5 except for the ultrafine particles 10 as dj, and the 

35 dielectric constant of the liquid crystal 5 as e l9 the electric 
field, Eeff, exerted on the ultrafine particles can be expressed 
as follows. 

^-(^^d^xVgap (i) 

40 - - ~ • 

Accordingly, when ultrafine particles whose dielectric 
constant is smaller than that of the liquid crystal is added 
(c 2 <e 1 ), this leads to the incorporation of fine particles (dj 
whose size is smaller than the total thickness dgap (=d J +<l 2 ) 
45 of the liquid crystal. Thus, 
EeffcEgap 

Eventually, the liquid crystal is applied with the electric 
field, Eeff, which is greater than that of a fine particles-free 
liquid crystal (Egap). 
50 Gathering the above, the following conclusion is 
obtained. 

When €j >€ 2 , Eeff^gap/Cdj+d^^Vgap/dgap-Egap. 
When €j~e 2 , Eeff«Egap. 
. When ej<E2, Eeff>Egap. 

ss Id any case, the effective electric field, Eeff, acted on the 
liquid crystal is changed by addition of the ultrafine particles 
in such a way that different effective electric fields are 
applied to the liquid crystal at domains where no ultrafine 
particles exist and at domains where the ultrafine particles 

60 exist. As a result, when the same electric field, Egap, is 
applied, these domains are divided into two groups includ- 
ing one group wherein inverted domains are produced and 
the other group wherein any inverted domains are not 
produced, thereby developing a starlight texture as shown in 

65 FIG. 2 A. 

From the above, it will be seen that the starlight texture is 
suitable for realizing a continuous gray-scale, under which 
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different transmittances (two or more levels) can be obtained tides should preferably be surface treated with silane cou- 

by controlling an applied voltage (magnitude and pulse pling agents in order to exhibit good dispersability. 

width) under the addition of ultrafine particles. In contrast, In the practice of the invention, the fine particles should 

mere presence of fine particles as in prior art results in the be present between the facing electrodes, but it is of no 

structure as shown in FIG. 2D. Especially, when fine par- 5 importance where the particles are present. More 

tides with a size of 03 to 2 pm are placed in a fine gap of particularly, the particles may be present in the liquid crystal, 

about 2 ^m, an intended display performance cannot be or in or on the liquid crystal alignment film, 

attained. If the gap is not narrow color shading will be In the liquid crystal device of the invention, the angle of 

produced owing to the presence of the fine particles. This inclination of the liquid crystal layer at regions in the 

will be described in more detail in comparative examples 10 vicinity of the alignment film should differ from that in bulk 

appearing hereinafter. In the practice of the invention, such regions other than the first-mentioned regions. Moreover, it 

defects can be overcome and intended characteristic prop- is preferred that there are at least two X-ray diffraction 

erties can be obtained. intensity peaks, which exhibit the angles of inclination of the 

The ultrafine partides which are added to the liquid liquid crystal layer, at an incident angle of X-ray of not 
crystal are not critical provided that such fine partides serve 15 larger than 90° or not less than 90°. In the case, it is also 
to distribute the intensity of an effective electric field which preferred that the half width of the peaks of the X-ray 
is applied to the liquid crystal 5 existing between the facing diffraction intensity is not smaller than 3°, with the better 
transparent electrode layers 2a, 2b of FIG. 3. For instance, likelihood toward a tone or gradation display, 
a mixture of fine particles consisting of a plurality of In the practice of the invention, an apparent tilt angle 
materials having different dielectric constants may be used. 20 (cone angle) of liquid crystal molecules which constitute a 
By the presence of fine partides having different dielectric plurality of domains having different threshold voltages 
constants, the distribution of the dielectric constant is should preferably be varied by ±1° or over from the moo- 
formed in the respective pixels. As a consequence, when an odomain state. The temperature dependence of the cone 
external electric field is applied uniformly to the transparent angle of liquid crystal molecules should preferably be 
electrode layers 2a, 2b of the pixel, the effective electric field 25 smaller than that in the mo nod o main state 
intensity applied to the liquid crystal in the pixel can be The starlight texture structure appears by addition of fine 
distributed. Thus, the width of the threshold voltage for particles in a liquid crystal as set out hereinbefore. Such a 
switching the liquid crystal (especially, a ferroelectric liquid structure may also be developed when the alignment film 
crystal) between the bistable states can be widened, enabling has been annealed. Basically, ferroelectric liquid crystals 
one to make an analog gray-scale display in one pixel. 30 have usually a layer structure which is of a book shelf or 

Where the fine particles having the same dielectric con- chevron. In contrast, the starlight texture structure has 

slant are used, a size distribution is appropriately controlled neither of the structures but is one wherein the angle of 

to obtain similar results. In this case, the presence of fine inclination of the layer in the vicinity of the surface of the 

partides having the same dielectric constant but having alignment film is different from that of the bulk regions, 

different sizes leads to the distribution in thickness of the 35 The reason why the the tilt angle becomes smaller than in 

liquid crystal layer. As a result, when an external electric the mondomain state is considered as follows. Although 

field is uniformly applied between the transparent electrode experimentally confirmed, the smaller tilt angle is symmet- 

layers 2a, 2b in one pixel, the intensity of the effective ric relative to the direction of the alignment treatment, so 

electric field applied to the liquid crystal in the pixel is that the liquid crystal molecules on the surface of the 

- distributed, with the possibility of making an analog gray- 40 alignment film are aligned parallel to the direction of the 

scale display in the pixel. The particle size distribution alignment film. The liquid crystal molecules on the align- 

should preferably be wider because a better analog gray- ment film surface are not switched by application of an 

scale display is obtained. electric field and become immobilized. Accordingly, the 

The fine partides added to the liquid crystal should apparent tilt angle is observed as being smaller than in the 

preferably have a pH on the surface of not less than 2.0. This 45 case where the liquid crystal molecules on the surface are 

is because if the pH is less than 2.0, acidity is too strong, the switched. An increase of the tilt angle is considered to result 

liquid crystal is liable to degrade by the attack of protons. from an increase over an angle of inclination of the layer or 

The fine particles should preferably be present in the to occur owing to the variation caused by an increasing 

liquid crystal in an amount of from 0.1 wt % to 50 wt %. If pre tilt angle. 

the amount is too large, the particles are liable to coagulate, 50 The distribution width of the apparent pretilt angle of the 

making it difficult to develop the starlight texture. In liquid crystal molecules should preferably be not smaller 

addition, the injection of liquid crystal becomes difficult. than 6°, more preferably not smaller than 8°, in one pixel. 

Usable fine particles include particles of carbon black When the pretilt angle of the liquid crystal molecules is 
and/or titanium oxide. Preferably, carbon black should be distributed within a range where, the alignment of the liquid 
" one which is prepared by the furnace method and titanium 55 crystal is not disturbed, there can be effectively formed a 
oxide should be amorphous titanium oxide. The carbon number of microdomains whose threshold values for switch- 
black prepared according to the furnace method has a ing between the bistable states of the liquid crystal within 
relatively wide size distribution. The amorphous titanium one pixel are different from one another. This may be 
oxide has good surface properties and good durability. The realized, for example, by forming a specific type of thin film 
gray-scale display characteristics can be appropriately con- 60 on a SiO oblique vacuum deposition layer, 
trolled by controlling the size distribution. It is preferred that A substance selected from the group consisting of charge 
the standard deviation of the size distribution is not less than transfer complexes, organic pigments, metals, oxides and 
9.0 nm, within which a gentle variation of the transmittance fluorides is formed on the alignment film. This is more 
is ensured. In addition, the specific gravity of the fine particularly described with reference to FIGS. 5 to 7. 
particles is preferably 0.1 to 10 times that of the liquid 65 FIG. 5 shows a liquid crystal display device similar to that 
crystal in view of preventing settlement of the particles of FIG. 3 except that a charge transfer complex thin film 6 
during their dispersion in the liquid crystal. The fine par- is formed on each of the SiO oblique vacuum deposition 
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layers 3a, 3b. More specifically, a builtup structure A is 
provided as having a substrate la, a transparent electrode 2a, 
a liquid crystal alignment film 3a, such as a SiO oblique 
vacuum deposition layer, for realizing high contrast and 
good domains and a charge transfer complex thin film 6 built 
up in this order. Likewise, a builtup structure B has a 
substrate lb, a transparent electrode 2b, a liquid crystal 
alignment film 3b, such as a SiO oblique vacuum deposition 
layer, and a charge transfer complex thin film 6 built up in 
this order The structures 3A and 3B are so arranged that the 
liquid crystal alignment layers 3a, 3b are in face-to-face 
relation. 

In this device, the charge transfer complex thin films 6 
are, respectively, vacuum deposited on the SiO oblique 
vacuum deposition layers 3a, 3b. The vacuum deposition is 
preferably effected in the following manner The substrates 
la, lb are, respectively, formed with the electrode 2a, 2b and 
the SiO oblique vacuum deposition layers 3a, 3b to provide 
substrate bases 20 as shown in FIGS. 6A and 6B. Then, a 
substance whose surface energy is different from that of SiO 
of the SiO oblique vacuum deposition layer is vacuum 
deposited as islands A of FIGS. 6A and 6B. Subsequently, 
the charge transfer complex thin film is formed on the 
islands-bearing SiO layer 3a or 3b. By this, It becomes 
possible that the pretilt angle of the liquid crystal molecules 
is distributed in a favorable fashion. 

The substances whose surface energy is different from 
that of SiO may include various organic materials such as, 
for example, charge transfer complexes themselves, electron 
acceptors which are one constituent of the charge transfer 
complexes, and electron donors which are the other 
constituent, and inorganic materials such as metals, oxides 
and the like. This will be described in more detail herein- 
after. 

In the liquid crystal display device shown in FIG. 5, after 
injection of a liquid crystal into the cell gap of the liquid 
crystal cell, the cell is subjected to treatment with an electric 
field. This will ensure an intended distribution of the pretilt 
angle, of the liquid .crystal molecules. , As.ja . result, . fine 
multidomains whose threshold values for switching the 
liquid crystal between bistable states differ from one another 
are formed in one pixel, thereby enabling one to realize an 
analog tone display while keeping a high contrast. 

The potential for the electric field treatment should pref- 
erably be in the range of ±3V to ±50V (i.e. V^=6V to 
100V). The frequency and treating time may be arbitrarily 
selected. In general, the electric field treatment is carried out 
by application of a rectangular wave of 100 Hz±30V for 
about one minute. 

The charge transfer complex thin films used above are 
ones which consist of complexes of electron donor mol- 
ecules indicated in Table 1 and electron acceptor molecules 
indicated in Table 2, and include, for example, thin films of 
- charge transfer' complexes indicated in Tables 3 to 5. The 
thickness of the charge transfer complex thin film is pref- 
erably in the range not larger than 300 angstroms, preferably 
from 40 to 80 angstroms. 



TABLE 1 



Abbreviation 



Name of Compound 



TTF tctrathiafurvalcnc 

DHTTF dicyclotetrathiafuIvaJene 

DMTTF dimethyltrtrntMa falvalenc 

TMTTF tetramethy&ctxathiafulvalene 

HMTTF hfT»irtrthy|n^^*h™f hhw> l» i iK' 
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Abbreviation 


Name of Compound 




DSDTF 


disclcnadithiafulvalciic 




DMDSDTF 


dimethyldtiselciiadithiafuJvalcnc 




HM DSDTF 


hexamethylerjediselenadithiafulvalene 
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TSF 


tctraselcnafutvalenc 




TMTSF 


tetramcthyltetraselenafulvatene 




HMTSF 


hexamethyleaetetraselenafulvalene 




TTT 


tctrathiotctiaccnc 


IS 


TST 


tetraselenatetiaceae 




Q 


quinolinc 




NMQ 


N-methylgninrtlininrn iodide 



TABLE 2-A 



Abbreviation Name of Compound 



Ad acrid inc 

NPM N-meLhylphenazium methytsulfate 

DEPE l^-di[^-ethyl-4-pyridinhim)ethytene 

MTCNQ 2-mcthyl-7,7.8.8-tctracyanoquinodiincthanc 

DMTCNQ 2^-dimethyl-7J,8^-tetracyanoquinodimcthane 

DETCNO 2^-diethyl-77^,8-tetracyanoqiiinodimethane 

MOTCNQ 2-mcthoxy-7,7^,8-tcLracynnoquinodimcthnnc 

CINQ 2-chJoro-7J,83-tctnK^aiK)quiDOdimcthaiic 

BTCNQ 2-bromo-7 > 7^^-tetiacyanoQ^iuiodimeUiane 

DETCNQ 2^-o^iomo-7,7,8^tctracyanoquinodimcthanc 

CMTCNQ 2-chloro-5-methyl-7,7^3-tetTacyaiioquinodmicthane 

B MTCNQ 2-bromo-5-mcthyl-7,7^^tetracyaaoquinodimethane 

IMTCNQ 2-iodo-5-methyl-7 1 7,8,8-tetracyanoquincKlimethane 

TNAP 1141,1242-tetracyano-2,6-tetracyanoquiDO- 
dimethane 

HCB 1,1,2,3-hexacyanobutadiene 

TCNQ tetracyanoquinodimcthanc 



40 



45 



50 



55 



TABLE 3 



Examples of Charge Transfer Complexes 



60 



65 



tetrathiafulvalene-2-methyl-7 > 7,83,-tctracyarioqaiiiccli- 
methane 

tetrathiafulval cne-2^-dimethyl-7,7,8y8,- tetracyanoquinodi- 
methane 

tetiathia&lvalene-2^^ethy)-7,7^8,-tetnic^^oquinodi- 
mcthane 

tetrathiafulval ene-2-methoxy-7 r 7,8,8,4etracyaooquinodi- 
methane 

tetrathiafulval ene-2-chlo ro7, 7,8,8 ,- tetracyanoquinod i- 
methane 

tetrathiafulval ene- 2-bromo-7,7y8,8,- tetracyanoquinodi- 
methane 

tetrathiafulval eae-24-<lfcromo-7,7,83rtetracyanoqumoui- 
methane 

tetrathiafulval ene-2KWoro-5 : methyl : 7,7^8 J i8,-''' ' 

tctracyanoquicodim ethane 

tetrathiafulvalene-2-bromo-5-oiethyl-7,7 J 8y8,- 

tetracyanoqumodimethaDe 

tctrathiafulvalcnc-2-iodo-5-mcthyl-7,7 f 8,S,- 

Eetracyanoquinodimethane 

tetiath iafulval ene-2-chloro-5- methyl-7,7^y8 r 

tetracyanoquinodimethanc 

tetrathiafulval eae- 13 ,11 ,1 % 12-tetracyano-2,6- 

naphftoquinodirnethane 

ditctrathiafulvalene-l 4 A3- hcxacyanobutadienc 
fftfrnthiafiiiv^lff^ft-^^inftfifin 71 
tetrathiafulval ene-bromideQ x> _ a76 
tctrathiafiilvaleae*iodidc a70 _ aie 
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TABLE 4 A 



TABLE 5-B-continued 



Examples of Charge Transfer Comple 



Examples of Charge Transfer Complexes 



tetrathiafulvalrae-tHocyanate Q _ 5(S _ a7 3 
tetrathiafulvalaie-sdenimc cyanate ass _ as2 
djbydroxytctratHafahraIepe>4etracyai^ 
dihydroxytetrathiafulvaler^2-brcmo-5-m 
dimcthanc 

dihydroxytetr&tmafuhraleri&2 1 S-diethyl-7 1 7,83- 

tetracyanoquinodimethane 

dimcuryltetratm'afuWaleTJc»7/73>& 

n-rnelhylquinolium iodide- 11^1,12^2-tetra cyan o- 2, 6-naphtho- 
quinodim ethane 

1 ^li(iKmyl-4-pyridrmum)ethylene-7,7^3-tc^ 
tetiamethyltctiatluafQlvakne-2-methyl- 7/7,8y8-tetracyano- 



TABLE 4-B 



Examples of Charge Transfer Comple: 



hcxamethylettetetratriiafulvalene^^ 
dimcthanc 

hr x arncthylr iKKfi s ^lf n ff^i thf flf T T N?]rTir-7 . 7.8.8- 

tetiac^raooquinodimethane 

a%icthyl(Usdcimditluafulvalcnc-7.7.8.8- 

rrtTnry annq ii iTwIim^lhanft 

tetrasdenafulvalene-7,7,8^tetracyarjoquin 

tctrasdcsafurvakQe-bromidcQB 

tetrasd enafuNalene-mcthyW7,7^3-tetracyanoqoino- 

dimethane^- 7,7^8 ^elracyanoquinodimethaoe^ 

tetramettyltetrasdcnafu]v&lcriC'7,7^ 

qninodimethane 

tetramcthylselenafnlvalcnc-2,5-dimethyl- 7,7,8,8- 
tetracyn rwxpri nod i methane 



TABLE 5-A 



Examples of Charge Transfer Comple 



hcxamethylenetetraselcnarulvalei^7.7.8.8-tetn^ 
dimethane 

hcxamethylenetetraselenafulvalerje-ll^ljlZj^-tetracyatto- 
2^-naphlhoquinodirrtrtbaDC 

tetralhiotetiacene-7 J 7 T 83-tetiacyanoquinodimethane 2 

tetrathiotetiacene-2,5-drffieuyl-7,7,8^teti&cy^^ 

dimethane 

tetrnthi ot fftiarenft-9 J ,S-^trthyl-7,7 ^B^etracyanofrnino- 
dimethane 

tctrathiotctniccnc-5-mcthcay- 7,7,83-^etracyanoquirio- 



tetr8thiotetracene-2,5-<lrmeUx)^7,^^ 
dimethane 

trlraLhic^tiact^e-2-mctrjaxy-S-clhoxy- 7,733- 
tetiacyanotpinodimethane 

tetmthiotetracenc^2^siiethoxy-7 > 7y83^P^cy^noqiiino- 
dimethane 

trtrathiotetraceae-2-bTomo-5-metiiyI-7,73y8-tetracyuaoqu^ 
dimcthanc 



TABLE 5-B 

Examples of Charge Transfer Complexes 
tetiathiotc*iaccne^24odo-5-mcthyt-7^ 



joaphtho- 



tetrathiotetiacerie- iodide j_|_5 
tct mthk^tmceoe- 134 1,124 2-tctracyaj 
qninodimethane 

(tetratniotetraceneoj^etraseteriaceneoj-?^^^ 



* qumoline-7,7,8,8-tctiacyanoquinodimeth&ne 

Q-mcthylquinolium iodide-7/7&8-tetracyanoqumodmieUiane 

FIG. 7A is a schematic sectional view of a liquid crystal 
display device which includes an uppermost thin film layer 

10 7 on each of the liquid crystal alignment layers or SiO 
oblique vacuum deposition layers 3a, 3b. The uppermost 
layer 7 consists of an organic conductive compound, oxide, 
fluoride or metal. By the formation of the thin film 7, fine 
multidomains whose threshold values for switching the 

15 liquid crystal between the bistable states are formed. 

The organic conductive compounds used to form the thin 
film 7 include a variety of organic conductive compounds. 
For instance, a ytterbium diphthalocyanine (YbPcJ thin film 
may be used. When organic conductive compounds having 

20 a conductivity of not less than IxlGT 6 S/cm are used, a 
higher response speed is attained. The thin film of the 
organic conductive compound is preferably in the range of 
not larger than 300 angstroms, more preferably from 40 to 
80 angstroms. 

25 The oxide films may be those films of oxide compounds 
such as, for example, SiO, S1O2, MgO, TiO, H0 2> A^Os and 
the like. The thickness of the oxide thin film is preferably in 
the range of not larger than 100 angstroms. 
The fluoride thin films are those films of various fluorides 

30 such as MgF 2 , CaF^ A1F 3 and the like. The thickness of the 
fluoride thin film is preferably not larger than 100 ang- 
stroms. 

The metal thin films may be made of metals such as Au, 
Ag, Al, Cu, Pt and the like. The thickness of the metal thin 

35 film is preferably not larger than 100 angstroms. 

The liquid crystal display device of this embodiment may 
be fabricated by a usual manner, like the device of FIG. 3. 
For instance, a transparent ITO layer is first formed on a 
glass substrate, followed by patterning in a desired shape 

40 ■ according to a lithographic procedure. Then, SiO is vacuum 
deposited obliquely relative to the substrate. 

Subsequently, a charge transfer complex, oxide, fluoride 
or metal is subjected to vacuum deposition, preferably from 
the direction vertical to the substrate, thereby forming a thin 

45 film thereof on the SiO oblique vacuum deposition layer of 
the builtup structure. Two builtup structures are assembled 
to obtain a liquid crystal cell. A liquid crystal in which fine 
particles are uniformly dispersed is injected into the cell gap 
to obtain a liquid crystal display device. The liquid crystal 

50 alignment film may be rubbed polyimide film, or SiO 
oblique vacuum deposition film, Si0 2 oblique vacuum depo- 
sition film, magnesium fluoride oblique vacuum deposition 
film, calcium fluoride oblique vacuum deposition film or the 

ti like. 

55 If the alignment film consists of a silicon oxide vacuum 
deposition film, it is preferred from the standpoint of devel- 
oping a starlight texture structure that after the vacuum 
deposition, the film is subjected to annealing to change 
surface properties. This is true of all the display devices 

60 shown in FIGS. 3, 5 and 7. 

It has been confirmed through SEM and electrochemical 
analyses that the SiO oblique vacuum deposition layer used 
as the alignment film is constituted of a multitude of SiO 
rhombic columns X as shown in FIG. 7(b) and that inter- 

65 slices d are present in the SiO oblique vacuum deposition 
layer along the SiO rhombic columns. When the charge 
transfer complex thin film 6 or 7 formed on the SiO oblique 
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vacuum deposition layer is thermally treated, at least a part general, the response speed is higher by about 2 to 5 times 

6' or T of the constituent material of the thin film 6 or 7 may than that of the case where only an alignment film such as 

be present between or incorporated in the interstices d of the 0 f siO is used wherein no film of a conductive material is 

rhombic columns X of the SiO layer. This has also been formed. 

confirmed through RAS measurement of FT-IR (Fourier 5 The nX fa ascribed in more detail by way 

transformation infrared spearoscopy). For instance the of les Comparative examples are also shown, 

angle of inclination of the rhombic columns X is about 4™ r r r 
and the ratio of the interstices amounts to about 2% of the 

total surface area. EXAMPLES 1, 2 AND COMPARATIVE 

This eventually leads to a smaller thickness of the thin 10 EXAMPLES 1, 2 
film 6 or 7, and part of the SiO oblique vacuum deposition 

layer is caused to be in direct contact with the liquid crystal To 100 mg of a ferroelectric liquid crystal composition 

molecules, thereby keeping the alignment of the liquid CS-1014 (Example 1) or CS-1028 (Example 2) commer- 

crystal molecules. More particularly, as shown in FIG. 7B, dally available from Cbisso Petrochemical Co., Ltd. was 

the liquid crystal display device wherein at least a part 6* or IS addcd t mg of carijon bkck Moglll L of Cabot Corp y which 

T of ^ ***** °° mplc ? l ^ D L ^. A 6 ° r 7 * was ultrafine carbon black particles, followed by heating to 

incorporated into the interstices d of the SiO rhombic ., _ . . 4 . 4 . ' . , . 

. r v r.i_ o i-, »i- j i i 100 C. (i.e. heating to an isotropic temperature) and uni- 

columns X of the SiO oblique vacuum deposition layers 3a, v ° r . f . ~- 

3fr can keep the alignment of the ferroelectric liquid crystal form dispe^ion by use of a ultrasonic homogemzer. The 

and can reduce the accumulated surface change by the 20 abovc procedure was repeated using no carbon black for 

spontaneous polarization of FLC molecules or impurities of comparison (Comparative Examples 1 and 2 corresponding 

FLC mixtures. This is considered for the following reason: to Examples 1 and 2, respectively). 

when, for example, the thin film is made of „ . ... , . , . . . 

' - . . /' , • 4 . , Each composition was heated to an isotropic temperature 

tetr a thiafulvalene-tetracyanoquino-di methane complex . r ' , . . . „ ™_ ; £ 

(TTF-TCNQ), the CN groups are tilted from the substrate 25 ™ vacuum and poured into a test cell. The alignmen filmof 

parallel and the highest conductive direction of TTF-TCNQ mc f^ff ^ a Sl ° obhque vacuum deposition film. The 

complex aligncs along the rhombic columns of SiO. of the ™s 85 with respect to the normal 

More particularly, it is assumed that the conductive mate- of the substrate, and the substrate temperature was 170 

rial such as the above complex (TTF-TCNQ) serves to C a film thickness of 50 nm. After completion of the 

connect between the liquid crystal 5 and the electrodes 2a, 30 vacuum deposition, the vacuum deposition film was 

2b, which results in good response at the time of application annealed in air at 300° C. 

of a voltage without adversely influencing the alignment of fa ^ fabrication of ^ ^ ul ^ a ^ ^ 

the liquid crystal, thereby ensuring a high speed response. ^ Qn a ^ tioms thick transparent [TO film 

The conductive materials are, as stated hereinabove, , _ - * * m« ™ 2 c ' j u 

1 j r__ _» r , .. 4 having a surface resistance of 100 Q/cm was formed by 

selected from charge transfer complexes, organic pigments, 35 _ . ... ... A iL . , 

A * . , -Ta . , , V7 1 ~rr " . sputtering was provided, on which a 500 angstroms thick 

metals, oxides and fluorides and are critical with respect to , t . ^ , . . , 

the types of conductive materials including metals, organic Sl ° vacuum deposition film was formed as a liquid 

materials and inorganic materials provided that they have cr y stal ahgnment film by heating (resistance heating) a 

conductive in nature. tantalum boat having therein SiO powder with a purity of 

The electric- conductivity-of the conductive material 40- 99 (commercially available torn FuruuchLChem.-Co.,. 

should preferably be higher than that of the vacuum depo- Ltd.). 

sition thin film and/or the liquid crystal and should prefer- ^ resultant ^ 0 glass su bstrates were assembled using 

ably be not lower than IxlO" S /cm more preferably not spacers having a diameter of 1.6 fan (true spheres: commer- 

k>wer ttoi 1x10* S/cm and most preferably notlo^than ciall available from t chemical Co., Ltd.) and a 

IxlO 2 S/cm 2 . For instance, with the above TTF-TCNQ 45 J . „ . t 3 . ' 1k , , 

. . . , . j- ^ «2 o i 2 UV-cunng adhesive (Photorec: commercially available from 

complex, it has a conductivity of 1x10* S/cm . . f . V _ . . J 

In order to permit at least a part 6' or T of FIG. 7B of the ^ l Fme ^micals Co . Ltd.) in such a way that the SiO 

conductive material to intervene between adjacent rhombic obhmie vacuum ^position films were facing each other but 

columns of the oblique vacuum deposition film, the con- me (hrecbons of vacuum ^position were opposite to 

ductive material is formed as a thin film with a thickness of so cach other ^ thcrcb y obtammg a Uquid crystal cell. The 

from 3 to 40 nm by a vacuum deposition method and ferroelectric liquid crystal was injected into the cell gap to 

thermally treated or fired at a temperature of 50 to 160° C. obtain a liquid crystal cell. The cell was applied with an AC 

thereby causing the part to be charged inbetween the rhom- electric field of a frequency of 100 Hz and *35V to obtain 

bic columns. Alternatively, the conductive material may be a Hquid crystal display (device. . ^ 

charged in the form of a liquid. 55 

As stated hereiobefore, since the thin film 6 or 7 is made 
of a conductive material and part of the material is inter- 
vened between adjacent rhombic columns X, the film thick- , , , , % . . , , ^ ^ _ 
ness is made so small that the polarization of ferroelectric **** no f ^ . More P^ulariy, the texture 
liquid crystal molecules is mitigated and a phenomenon of 60 structure of te <* n of ^ mventlon was ^ ^ when ™ 
lowering an effective voltage relative to an applied voltage electnc field was «PPM to the ceU by DC, no lateral flow 
owing to the polarization of liquid crystal molecules (i.e. an {ook P lace m response to the magnitude of a voltage and the 
anti-electric field phenomenon) can be suppressed. Thus, the size of the domains was varied in proportional to the 
difference between the applied voltage and the effective magnitude of the voltage. Since such a texture looked just 
voltage can be reduced, making it possible to fasten the 65 like starlight in the sky, it was named as starlight texture. The 
response speed of the ferroelectric liquid crystal while characteristic properties of the starlight textures and the 
realizing an analog gray-scale display at a high contrast. In known systems are shown below for comparison. 



The liquid crystal cells comprising carbon black in the 
liquid crystal exhibited a structure which was completely 
different from the monodomain structure of the cell con- 
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boa black is added, the threshold value has a sharp curve and 
TABLE 6 has no analog tone or gradation property. 



(Comparison of Starlight Textures With Known 
Systems) 





Example 1 


Comp. Ex. 1 


Example 2 


Comp. Ex. 2 


Structure 
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prior art 
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In these examples and comparative examples, the align- 
ment films are arranged in non-parallel to each other In the 
case, the prior art cells are known to have a bookshelf 
structure. With the starlight texture structure based on the 
present invention, the layer structure is considered to have 
an increasing number of domains on the surface of the 
alignment film wherein liquid crystal molecules are in an 
immobilized state relative to an electric field. Thus, it is 
considered that in the vicinity of the surface of the alignment 
film, the angle of inclination of the layer is changed This is 
why when using CS-1014, the cone angle is likely to change 
at the time of the applied voltage being on and off. With the 
starlight textures, the cone angles are changed by ±1° or over 
on comparison with those of the monodomain structures 
(prior art systems). 

The liquid crystal display devices obtained above were 
subjected to measurement of the relation between the 
applied voltage and the contrast ratio in the following 
manner. A drive waveform as shown. in FIG.. 8 was applied 
to each display device under crossed Nicols. Initially, a reset 
pulse (Vr*x## pulse) with a pulse width of 1 msec., was 
applied, followed by application of a grey pulse (V^^ 
pulse) with a pulse width of 1 msec., which was less than the 
reset pulse. The degree of light transmission after the 
application of the reset pulse (dark level) and the degree of 
light transmission after the application of (grey level) were 
compared to determine a contrast ratio. 

The results of the measurement of the variation in the 
contrast ratio (corresponding to a transmittance) relative to 
the applied voltage are shown in FIG. 9. In the figure, the 
starlight texture (I) of Example 1 and the prior art system (I) 
of Comparative Example 1 are indicated. 

As will be apparent from the results, the liquid crystal 
display device of the example provides a contrast ratio 
which differs depending on the voltage. In addition, the 
threshold voltage for switching the ferroelectric liquid crys- 
tal between the bistable states (i.e. a width of variation of the 
threshold voltage within a contrast ratio range of 1710 to 
9/10 of the maximum value or within a transmittance range 
of 10 to 90%) is as wide as not smaller than 2 volts, giving 
evidence that an analog gray-scale display is possible. 
Accordingly, it is not necessary to provide an active element 
such as TFT for every pixel, with the possibility that images 
can be displayed in a simple matrix. 

In contrast, it will be seen that with the liquid crystal 
display device of Comparative Example 1 wherein no car- 



EXAMPLE 3 

5 The general procedure of Example 1 was repeated except 
that CS-1014 was used as the liquid crystal, titanium oxide 
was used as ultra fine particles, i.e. 1 wt % of high dispersion- 
type IT-UD was added as selected from titania products of 
Idemitsu, thereby obtaining a liquid crystal cell. The tita- 

10 nium oxide used was characterized by its amorphousness 
and had an average size of 17 nm. 

The device of Example 3 using titanium oxide ultrafine 
particles and the device of Comparative Example 1 using 
CS-1014 alone without use of any ultrafine particles were 
subjected to measurement of the temperature dependence on 
the angle of cone. The results are shown in FIG. 10 wherein 
the cone angle at 300 is taken as 1. 

From the results, it will be seen that the starlight texture 

20 of this example is smaller in the temperature dependence on 
the cone angle. This is considered for the reason that the 
liquid crystal molecules on the surface are immobilized and 
the layer structure becomes stabilized against temperature, 
with the result that the cone angle is not narrowed to higher 

25 temperatures. With ordinary textures, when the temperature 
comes close to the vicinity of a phase transition point of 
from the SmA phase to the SmC phase, the tilt angle 
becomes gradually reduced. At the transition point, the tilt 
angle becomes zero. The degree of the reduction becomes 

^ conveniently smaller for the starlight texture. 

EXAMPLE 4 

In the same manner as in Example 1, CS-1014 was used 
as the liquid crystal and the alignment film used was a SiO 

35 alignment film. Ultrafine particles used were three types of 
titania particles of Idemitsu ITS, IT-PA and IT-PB, which 
had all hydrophilic surfaces and different size distributions, 
respectively. The average sizes of these particles IT-S, IT-PA 
and IT-PB were, respectively, 17 nm, 24 nm and 40 nm with 

40,-size distributions being shown in FIG. ll.for the respective 
titania particles. Liquid crystal cells were fabricated in the 
same manner as in Examples 1 using the above ingredients. 

The relation between the transmittance and the applied 
voltage is shown in FIG. 12 for the cells using 1 wt % of the 

45 respective titania ultrafine particles. From the figure, it will 
be seen that the gradient is decreased in the order of 
IT-S>iT-PA>iT-PB. Accordingly, the width of the threshold 
value and the variation in the applied voltage can be appro- 
priately controlled by controlling the size distribution of the 

50 ultrafine particles. When the size distribution of the titanium 
oxide is widened, the width of the threshold value tends to 
be widened. The liquid crystal display devices obtained in 
this example have different contrast ratios depending on the 
voltage. The width of the threshold voltage for switching the 

55 ferroelectric liquid crystal between the bistable states is 
great, giving evidence that an analog gray-scale can be 
displayed. This ensures image display in a simple matrix 
without providing any active element such as TFT for every 
pixel. 

60 The relation between the standard deviation of the size 
distribution and the inclination of variation of the transmit- 
tance was determined, revealing that they are almost in a 
linear relation as shown in FIG. 13. More particularly, the 
control of the threshold voltage characteristic for tone dis- 

65 play is possible by controlling the size distribution of the 
particles to be added. If the standard deviation is not less 
than 9.0 nm, a good inclination of variation of the transmit- 
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tance (i.e. a good width of variation of the threshold voltage) 
is attained, making it easy to obtain a starlight texture 
structure. 

EXAMPLE 5 

The general procedure of Example 1 was repeated except 
that CS-1028 of Chisso Petrochemical Co., Ltd.. was used as 
the liquid crystal instead of CS-1014 and 24 wt % of Mogul 
L was added to the liquid crystal, thereby obtaining a liquid 
crystal cell. 

The cells of Examples 1 and 5 were subjected to mea- 
surement of the number of domains with a size of larger than 
2 per mm 2 while controlling the voltage so that the 
transmittance was 25% provided that the transmittance was 
taken as 100% when the cell was in the brightest. The results 
are shown in Table 7 below. 



TABLE 7 





Liquid Crystal +- Fine Particles 


Number of Domains 


Example 1 


CS-1014 (anti-parallel) + 


100,000 




Mogul LI wt % 




Example 5 


CS-1028 (anti-parallel) + 


450 to 1075 




Mogul L24 wt % 





With the CS-1014 system, tbe domains were observed 
through a microscope of 500 magnifications to count the 
number of the domains in a region of 20 /xm square. 40 
domains were found. For calculation of the number of the 
domains per mm 2 , 40 multiplied by 2500 made 100,000. 
With the CS-1028 system, the liquid crystal was observed at 
72 magnifications to count the number of the domains in an 
area of 200 /on square thereby finding out 18 to 43 domains. 
The calculation of the number of the domains per mm 2 
revealed 450 to 1075 domains per mm 2 . 

Thus, it will be seen that the starlight texture structure 
based on the invention can be realized by the presence of a 
desired number of microdomains. It will be noted that with 
the CS-1028 system; the number of the domains is smaller 
than that of the CS-1014 system although the amount of the 
fine particles is larger and that the larger amount is consid- 
ered to affect dispensability of the fine particles. 

EXAMPLE 6 

1) Formation of a SiO oblique vacuum deposition align- 
ment film and method for fabricating cells for evaluation 

A 2.5 mm thick glass substrate having a sputtered MX) 
film with a surface resistance of 100 Q/cm 2 was provided so 
that the normal line of the glass substrate made an angle of 
85° with respect to the vertical line. While keeping the glass 
substrate at 170° C. under conditions of a degree of vacuum 
of 8xl0r 6 Torr, silicon monoxide (SiO) placed in a Ta boat 
with opened' pinholes (Japan Backs Metal Co., Ltd.) and' 
subjected to resistance heating at a deposition rate of 1 
angstrom/second to form an oblique vacuum deposition film 
with a thickness of 500 angstroms. The film thickness and 
the deposition rate were feedback controlled by use of a 
quartz oscillator thickness meter. 

The glass substrate was thermally treated at 300° C. for 
one hour in a clean oven (DT62 of Yamato Science Co., 
Ltd.) in order to improve tbe alignment of the liquid crystal. 
Thus, two glass substrates were fabricated. A UV curing 
resin (Photorec of Sekisui Fine Chemical Co., Ltd.) dispers- 
ing spacers with a diameter of 1 .4 fm\ (true spheres: Catalyst 
Chemical Ind. Co., Ltd.) was provided between the two 
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glass substrates so that the oblique vacuum deposition films 
were facing each other to make the directions of the oblique 
vacuum deposition anti-parallel. The resin was cured by 
irradiation with UV light to form an intended cell gap. 

5 2) Dispersion of fine particles 

In order to induce the development of fine domains 
capable of half tone, fine particles were dispersed in a 
ferroelectric liquid crystal as set out in Example 1. 100 mg 
of a ferroelectric liquid crystal, CS-1014, of Chisso Petro- 

10 chemical Co., Ltd., which was heated to an isotropic phase 
temperature of 100° C. was mixed with 1 mg of carbon 
black, Mogul L, followed by agitation by means of a 
ultrasonic homogenizer. The ratio by weight of the fine 
particles was approximately 1%. The ferroelectric liquid 

15 crystal, CS-1014, of the isotropic phase in which the fine 
particles were dispersed was injected into the cell and was 
allowed to cool to room temperature. 

3) Evaluation of threshold voltage characteristics 

2Q The ferroelectric liquid crystal display device fabricated 
above was placed between crossed polarizing plates so that 
one of the memory states was coincident with the transmis- 
sion axis of the polarizing plates to determine a transmitted 
fight intensity, 1j ark > after application of a rectangular wave 
(reset pulse with a pulse width of 1 msecond and a voltage 
of ±25 V and a transmitted light intensity, T bright , after 
application of a rectangular wave (select pulse) with a pulse 
width of 1 msecond and a voltage of ±30 V or below. The 
contrast ratio, CR, was determined as follows: CR=*T brighl / 
T 

30 dark 

By changing the voltage of tbe select pulse, the threshold 
value characteristic of the contrast ratio (i.e. a width of 
voltage of from the lowest contrast ratio (=1) to the highest 
contrast ratio) was measured. The results of the measure - 

35 ment are similar to those of FIG. 9 wherein the abscissa axis 
indicated a voltage of the select pulse and the ordinate axis 
indicates the contrast ratio in a memory state). With the 
ferroelectric liquid crystal display device using no fine 
particles, the width of the threshold value is so sharp as 
about, 1. volt, whereas the width. of the. ferroelectric liquid 
display device using fine particles is increased to 10 V, 
enabling a half-tone display. 

The observation through a polarization microscope 
reveals that the half-tone state of the ferroelectric liquid 

4S crystal display device using the fine particles consists of 
very fine multi-domains with a diameter in the order of /on 
and is responsible for a half-tone display in one pixel of a 
high precision element with an size of approximately 100 
fan square. With a ferroelectric liquid crystal display device 

50 having a width of the threshold value of 10 V, the domains 
are very uniform. Irrespective of whether the fine particles 
are added or not, a high contrast ratio of not smaller than 40 
is attained. 

4) Analyses of layer structure 

55 '' Using the X-ray diffraction method, the layer structure in 
the SmC* phase having the ferroelectric characteristic of the 
device fabricated above was analyzed. Taking the quantity 
of transmission of X-ray into consideration, 100 fan thick 
glass substrates were used to make a ferroelectric liquid 

60 crystal display device used for the analyses. The rotating 
target X-ray source RU-300 of Figaku Electric Co., Ltd., 
(target: Cu, Ka ray 1.542 angstroms, 50 kV and 240 mA) 
were used. 

As shown in FIG. 14, the incident X-ray which was 
65 converged to a beam diameter of 2.5 mm by means of a 
pinhole collimator was diffracted with a sample which was 
attached to a wide angle goniometer, CN2155D5, of Figaku 
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Electric Co., Ltd., used in combination with a fiber sample case where the threshold width is 10 V, the layer structure 

mount FS-3 of Figaku Electric Co., Ltd., in such a way that has various angles of the layer inclination and the liquid 

the direction of the aligning treatment was held horizontal. crystal molecules, i.e. spontaneous polarization, are aligned 

After selecting a wavelength (i.e. CuKa ray of 1342 ang- to have a wide distribution. Accordingly, when an electric 

stroms in this case) by means of a monochromator fixed at 5 field is applied, some molecules are switched and some are 

a double angle (20 fi »3.O8° for CS-1014) of the Bragg angle not switched, thereby displaying a half-tone as a whole of 

Q B inherent to the sample with respect to the incident X-ray the pixel. The half-tone display in one pixel is considered 

wherein there was provided a slit between the sample and owing to the layer structure whose angle of the layer 

the monochromator of 1 mm square, counts per second were inclination is in a wide distribution. In the case, the angle of 

made by use of Nal Scintillation Counter SC-30 of Figaku 10 the layer inclination is changed in the vicinity of the align- 

Electric Co., Ltd. A 2-inch slit was provided between the ment film and the angle of the layer inclination in other bulk 

monochromator and the scintillation counter. portions is not changed. 

The angle of incidence, a, of the incident X-ray and the EXAMPLE 7 
angle, ft, of rotation within the plane of the sample could be, 

respectively, changed by means of the wide angle goniom- 15 In this example, how to drive the FLC display devices of 

eter and the fiber sample mount The angle, a, was deter- the foregoing examples and comparative examples is 

mined as an origin when the face of the sample substrate was described. 

in parallel to the incident X-ray and was 90° when the In order to confirm the effectiveness of a drive waveform, 

incident X-ray was vertical to the face of the sample a voltage was applied to a single pixel liquid crystal cell to 

substrate. As viewed from the above, the angle was positive 20 confirm the possibility of controlling the transmittance of the 

as turned in a clockwise manner. The angle, p, was taken as cell between the crosses polarizing plates, 

an origin when the direction of aligning treatment of the The cell was fabricated in the following manner. Two 

sample was horizontal and was positive in a clockwise glass substrates each having an 1TO transparent electrode 

fashion. an( j a 0 f 40x20x3 mm were used to make a liquid crystal 

In the optic system set out above, the angle, 6, of the layer 25 cell. The glass substrate was made of a standard or ordinary 

inclination relative to the normal of the substrate can be soda glass and the transparent electrode was coated by 

obtained from the following equation sputtering in a thickness of 500 angstroms. The resistance of 

ITO was 100 Q/cm 2 . 

^ An alignment film for aligning liquid crystal molecules 

was formed on each substrate by oblique vacuum deposition 

wherein where the angle, a, is scanned at 6=0° and B=180°, of Si0 " ^ an 8> e of me vacuum ^P 05 ^ 00 was 85 ° and the 

the angle, a, at a maximum value of the X-ray diffraction ahgnment film had a thickness of 500 angstroms. Two types 

intensity is taken as a, and respectively. This is partial- of k ^ md nUs wcrc fabricated including one wherein 

larly shown in FIGS. ISA and 15B. If the diffraction 35 mc &k<*™™ of the vacuum deposition of the alignment 

intensity peaks are plural in number, a similar calculation * {ms wcrc P5f Ucl to ^ch other and the other wherein the 

can be made on peaks which are in symmetrical position directions of the vacuum deposition were anti-paralle to 

relative to a-90° for X-ray diffraction patterns of P~0° and * ach other * ]?* S a P of the jW* ^ l ce " was controlled 

P=180°. The above procedure for the measurement was ^ fine s mca particles with a seahng material _ for 

performed since it- was difficult to arrange the face of the 40 bonding two glass sub^atesjlierwu>. .The .of..S|kca_ 

sample substrate exactly vertical to the incident X-ray. ^ cles was m the of io 2 0 ^ 

The results of the measurement of the diffraction X-ray CS-1014 of Chisso Petrochemical Co., Ltd., was used as 

intensity are shown in FIG. 16A for a ferroelectric liquid a ferroelectric liquid crystal. The liquid crystal was degassed 

crystal display device whose threshold characteristic m an isotropic phase (110° C.) and injected into a gap of 1.5 

(threshold width) is 1 V and also in FIG. 16B for a threshold 45 /" m between the glass substrates by utilizing the capillary 

width of 10 V. In FIG. 16A, the diffraction intensity peak is action m the isotropic phase. After complete injection of the 

only one (angle of layer inclination of 32°) which is very crystal, the cell was gradually cooled down to room 

sharp with a peak half width of 2°. FIG. 16B reveals that temperature. It took 2 to 3 hours before the cooling, 

there are three broad peaks with angles of layer inclination Ultrafine particles used were carbon fine particles as in 

of 8°, 32° and 45° and half widths of 8°, 4° and 8° over a 50 Example 1, which was mixed with the ferroelectric liquid 

range of a of 90° to 135°. crystal. More particularly, the liquid crystal was heated to a 

From the above measurements, the possible layer struc- temperature corresponding to an isotropic phase and mixed 

tures for threshold widths of 1 and 10 are considered as with carbon fine particles, followed by uniform mixing of 

shown in FIGS. 1 7A and 17B, respectively. In the figures, the fine particles and the liquid . crystal by a ultrasonic 

the angle, 6, is the angle of the layer inclination with respect 55 agitator. Then, the procedure of Example 1 was repeated to 

to the normal of the substrate determined from the X-ray provide a liquid crystal cell. 

diffraction method. The half of the half width (Lc. an extent For gray-scale display, the ferroelectric liquid crystal cell 

of the layer inclination angle) of the X-ray diffraction peak was fabricating using transparent electrode-attached glass 

is indicated as ± values after the value of 6. substrates la and lb as shown in FIG. 18. The transparent 

Based on the difference in the layer structure, consider- 60 electrodes were such that a group of N electrodes 2b which 

ation is taken on the difference in the threshold width. With were parallel to the direction of X were formed on the 

the case wherein the threshold width is 1 V, the X-ray substrate lb and a group of M electrodes 2a which were 

diffraction peak is very sharp and the liquid crystal parallel to the direction of Y were formed on the substrate 

molecules, i.e. spontaneous polarization which is a switch- la In the figure, the alignment films were not shown. As 

ing source, are uniformly aligned. When an electric field of 65 shown in FIG. 19, electric signals for selecting display of a 

a certain magnitude is applied, most of the liquid crystal pixel was applied to the transparent electrodes in the direc- 

molccules are simultaneously switched. In contrast, with the don of Y, and an electric signal for displaying the content of 
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display information, or white or black or a half tone was The signal pulse width was set at 350 /« and the reset 

applied to the transparent electrodes in the direction of X pulse width was 700 ps which was double the signal pulse 

The waveform of the select electric signal applied to the width. The transmittance was measured at a signal voltage 

direction of Y is as follows. between 25 V and 30 V. From FIG. 21, it will be seen that 

« * i , . r ^ , ... . < the transmittance can be controlled by controlling the volt- 

1. A select pulse consists of two pulses which are posi- J a _ * r m 

* * .* i . . ..J* « ™, age as m the case of FIG. 20. 

tively and negatively symmetnc with each other. The volt- 

age intensity and height of the pulse are determined accord* EXAMPLE 9 

ing to the threshold value of the liquid crystal display device Based on the data of Examples 7 and 8, a cell using a 

shown in FIG. 1. The pulse width is determined by the ferroelectric liquid crystal mixed with carbon fine particles 

response time of the liquid crystal. The height of the pulse 10 was subjected to matrix drive in a tone display. 

is a voltage at which the starlight texture appears in the The cell was fabricated in the following manner. Glass 

monodomain of the liquid crystal displaying a black color, substrates used were 7059 glass plates of Corning Glass 

i.e. a threshold voltage of the T r -V curve showing the Works having a size of 52x52x0.7 mm. The electrode was 

relation between the variation in transmittance (T r ) of the made of ITO and was formed by sputtering. The electrode 

liquid crystal cell established between the crossed polarizing 15 pattern is shown in FIG. 22. The resistance of ITO was 100 

plates and the applied voltage (V). Q/cm a . The cell was fabricated using two glass substrates in 

Z Asymmetric reset pulse is set prior to the select pulse. * at the electrodes were crossed as shown in FIG. 

The width of the reset pulse doubles the select pulse The 23 ™ e ^crystal alignment film used as a SiOobkque 

. . , . . A f . , . - . r . . vacuum deposition film formed on each substrate. The two 

height a a voltage at which ithc :hquid crystal ^completely substmes were ^ ^ mbled mat ^ directions of the 

switched, i.e. A of the T,-V curve + AV. AV is a vacuum d ^ ^ k ^ Uel to each other ^ 

maximum signal voltage ; which * applied to Ae electrodes ^ was ^ at 1>5 AK ^ d { was CS . 10H of 

m the auction of X of the substrate lb as will be described Chisso ft Co ., Ltd., to which 2 wt % of carbon 

hereinafter. finc p art i c les, Mogul L, was added. 

The waveform of the electric signal for data which is ^ Vol waveforms which arc Ued to me dkttidxm of 

applied to the direction of X is as follows. x Qf ^ &ubstratc w ^ tQ ^ of y of ^ 

1. The signal electric signal consists of two pulses which substrate la are shown in FIGS. 24 and 25, respectively, 
are positively and negatively symmetric with each other. The ^ sigmd appHed fo ±c elcctrodc toward me direction of 
pulse width is equal to the width of select signal. The height, y was such that mc rcsct volta was sc( at 24 v and the 
Vs, of the signal vouage is changed between 0 and V^- 30 ^ yoh at 20 V and that the signal pulse width was 
V~ acoonhn g to the grey level of the hquid crystal to be 400 /<s and the reset pulse width was 800 fx which was 
displayed. double the signal pulse width. The voltage applied to the 

2. The polarity of the signal voltage pulse is so set that it electrode toward the direction of X was such that the pulse 
is opposite to that of the select pulse. By this, the voltage width was 300 /is like the signal voltage and the strength of 
which is applied to a pixel at (n, m) on the display is the sum 35 the voltage was changed between 10 V and 2.5 V. 

of V^+V^^ and is changed between and V M< ^. pjc. 26 shows a display pattern displayed according to 

FIG. 20 shows the variation of the transmittance of a the applied waveforms. From this, it will be seen that a good 

liquid crystal cell to which the above voltage is applied. In tone display is realized, 
the cell used for this, the SiO alignment films were arranged 

so that the directions of the vacuum deposition were parallel-40 - EXAMPLE 10 

to each other. The cell gap was 1.6 /on when determined by The general procedure of Example 1 was repeated except 

a thickness meter MS-2000 of Ohtsuka Electronics Co., that a 300 angstroms thick tetrathiafulvalene- 

Ltd.). The cell made use of a liquid crystal to which 13 wt tetracyanoquinodimethane charge transfer complex film was 

% of carbon fine particles Mogul L. The cell was placed formed on the SiO oblique vacuum deposition film of each 

between the crossed polarizing plates and its direction was 45 substrate, followed by annealing at 100° C. for 1 hour and 

so set that the transmittance of the cell became minimized in that fine particles added to the liquid crystal were those of 

a memory state under which any voltage was applied. MT Carbon (Colombia Carbon Co., Ltd.). thereby obtaining 

The width of a signal pulse was set at 350 and a reset a ^quid cry^ display device, 

pulse width was set at 700 which was double the width The device was subjected to measurement of the relation 

of the signal pulse. The threshold voltage was 34 V for the 50 between the applied voltage and the contrast ratio in the 

cell, so that the reset voltage was determined at 35 V The same manner as in Example 1, revealing that the analog tone 

voltage for signals was changed between 18 and 30 V, property is improved over that of the device of Example 1. 

thereby measuring a variation in transmittance of the cell. As In this example, it was confirmed that when the tetrathi- 

will be apparent from FIG. 20, the transmittance of the cell afulyalentetracyanoquinodimethane complex (TTF-TCNQ) . 

is continuously changed within a rage of the applied voltage 55 was formed on the oblique vacuum deposition film and then 

of from 18 V to 28 V. This reveals that the voltage control annealed at 100° C. for 1 hour, at least a part of the 

can control the transmittance of the cell. TTF-TCNQ might be, in some case, incorporated among 

EXAMPLE g rhombic columns as shown in FIG. 7B. 

The liquid crystal display device had a reduced difference 

FIG. 21 shows the relation between the transmittance and 60 between the applied voltage and the effective voltage and 
the applied voltage of a cell which was fabricated in the exhibited a response speed which was higher by about two 
same manner as the cell set out with reference to FIG. 20 rimes than that of a liquid crystal display device using no 
wherein the cell gap was 1.8 /on and the SiO alignment films TTF-TCNQ film 
were so arranged that the directions of the vacuum deposi- 
tion were in anti-parallel to each other. The direction of the 65 EXAMPLE 11 
cell was set so that the transmittance of the cell became The general procedure of Example 10 was repeated 
maximal when no electric field was applied. except that a 100 angstroms thick ytterbium diphthalocya- 
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nine thin film was formed on the SiO oblique vacuum 
deposition film and annealed at 150° C. for 1 hour, thereby 
obtaining a liquid crystal display device. 

The device was subjected to measurement of the relation 
between the applied voltage and the contrast ratio in the 
same manner as in Example 1. The results are shown in FIG. 
27, revealing that the device of this example is improved in 
analog tone property especially in a low voltage range over 
the device of Example 1. 

EXAMPLE 12 

ITO-attached glass substrates fabricated in the same man- 
ner as in Example 1 were obliquely vacuum deposited with 
SiO, after which each glass substrate was held horizontal 
and formed with a vacuum deposition film of a 
tetrathiafulvalenc-tetracyanoquinodimethanc complex on 
the SiO film. The vacuum deposition was effected in the 
following manner. Tatrathiafulvalene (TTF) and tetracyano- 
quinodimethane (TCNQ) were placed in separate boats. 
Initially, in order to form a number of domains, TTF alone 
was formed on the SiO film in a thickness of about 10 
angstroms at a substrate temperature of from room tempera- 
ture to 120° C. at a pressure of lxlO" 6 to 5xl(T 5 Tom, 
followed by co-deposition of TTF at a deposition rate of 1 
to 3 angstroms/second and TCNQ at a deposition rate of 0.1 
to 1 angstrom/second. Thereafter, TTF was further built up 
singly in a thickness of about 50 angstroms or over. After the 
formation of the film, the film was annealed at a temperature 
of 50 to 100° C. for 30 minutes to 2 hours in order to 
improve the aligning properties of liquid crystal molecules. 

The resultant two glass substrates were assembled by use 
of a UV-curing adhesive (Photorec of Sekisui Fine Chemical 
Co., Ltd.) and polyethylene terephthalate spacers with a 
diameter of 9 fan in such a way that the directions of the 
deposition of the SiO films were in anti-parallel to each 
other. A nematic liquid crystal (ZLI-2008 of Merck) was 
injected into the cell gap to obtain a liquid crystal display 
device. 

The device was. subjected to measurement, of. a pretilt 
angle of the liquid crystal molecules according to a magnetic 
field capacitance method using a magnetic field intensity of 
75 to 8.0 KGausses. In the case, one pixel with a size of 
1 .2x1 2 cm was divided into 25 domains with an area of 
about 2 mm 2 as shown in FIG. 28. The divided domains 
(Nos. 1 to 25) were, respectively, subjected to measurement 
of a pretilt angle. The results are shown in Table 8 and in 
FIG. 29A. 

In this example, the annealing of the complex film might 
allow at least a part of the complex to be incorporated among 
the rhombic columns of the oblique vacuum deposition film. 
In the case, like the foregoing example, the response speed 
was confirmed to be improved. 

COMPARATIVE EXAMPLE 3 - 

The general procedure of Example 10 was repeated 
except that the tetratmafiirvakiw-tetracyanoquinodimethanc 
complex film was not formed and the electric field treatment 
was not performed, thereby obtaining a liquid crystal display 
device. The device was subjected to measurement of a pretilt 
angle of the liquid crystal molecules in the same manner as 
in Example 12. The results are shown in Table 8 and in FIG. 
29B. 

COMPARATIVE EXAMPLE 4 

The general procedure of Example 10 was repeated 
except that for the formation of deposition film of the 
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tetrathiafulvalene-tetracyanoquinodimethane complex, the 
complex which had been preliminarily prepared was placed 
in a boat and subjected to vacuum deposition at room 
temperature as a substrate temperature, a deposition rate of 
5 angstroms/second and in a thickness of 100 angstroms and 
that any treatment in an electric field was not effected, 
thereby obtaining a liquid crystal display device. The device 
was subjected to measurement of a pretilt angle of liquid 
crystal molecules in the same manner as in Example 12. The 
results are shown in Table 8 and in FIG. 29B. 

TABLE 8 
Pretilt Angle (degree) 



Pixel Domain No. Example 12 Comp. Ex. 3 Comp. Ex. 4 



1 


23 


33 


24 


2 


20 


34 


26 


3 


27 


32 


27 


4 


27 


33 


24 


5 


22 


35 


25 


6 


24 


33 


24 


7 


24 


33 


24 


8 


25 


33 


27 


9 


25 


33 


25 


10 


24 


34 


24 


11 


26 


34 


25 


12 


23 


33 


27 


13 


24 


33 


25 


14 


23 


35 


25 


15 


28 


33 


26 


16 


24 


33 


25 


17 


21 


34 


25 


18 


23 


34 


24 


19 


25 


33 


27 


20 


24 


35 


26 


21 


23 


32 


25 


22 


24 


34 


27 


23 


22 


33 


24 


24 


26 


33 


25 


25 


25 


32 


26 



As will be apparent from Table 8 and FIG. 29A, the liquid 
crystal display device of Example 12 has a distribution 
40 width of the pretilt angle- of the liquid crystal molecules of 
9°. Accordingly, the contrast ratio is gently increased or 
decreased depending on the applied electric field intensity 
within a certain range, thereby enabling the analog tone 
display. 

45 In contrast, as will be apparent from Table 8 and FIG. 
29B, the liquid crystal display devices of Comparative 
Examples 3 and 4 have, respectively, a distribution width of 
the pretilt angle as small as 4°, thus the analog tone display 
being inferior to that of Example 12. 

It will be noted that when the procedure of Comparative 
Example 4 is repeated except that tetrathiafulvalene and 
tetracyanoquinodimethane were subjected to co-deposition 
from the first. The resultant device gave similar results as in 
Comparative Example 4. . . . ,. ; . 

EXAMPLE 13 

The general procedure of Example 12 was repeated 
except that spacers with a diameter of 1.4 /on (true spheres 
of Catalyst Chemical Co., Ltd.) were used, thereby obtaining 

so a liquid crystal cell. A ferroelectric liquid crystal (CS-1014 
of Chisso Petrochemical Co., Ltd.) was injected into the cell. 
The cell was subjected to an electric field treatment by 
application of a frequency of 100 Hz and a rectangular wave 
of ±30 V for one minute to obtain a liquid crystal display 

65 device. 

The device was subjected to measurement of the relation 
between the applied electric field intensity and the contrast 
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ratio in the following manner. The device was applied with 
a bias voltage of ±6 V twenty times and then applied with a 
pulse of ±30 V with a pulse width of 500ju seconds, as 
shown in FIG. 8, under crossed Nicols. Thereafter, a 
pulse not larger than ±30 V (with a pulse width of 500/4 
seconds) was applied. The contrast ratio was calculated from 
the the light transmission intensity after the application of 
the V w#1 pulse and the light transmission intensity after the 
application of the pulse. The results are shown in Table 
9 and in FIG. 30A. 

COMPARATIVE EXAMPLE 5 

The general procedure of Example 13 was repeated 
except that the tetrathiafiUvalene-tetracyancKiuiiiodirncthaoe 
complex film was not formed and the electric field treatment 
was not effected, thereby obtaining a liquid crystal display 
device. The device was subjected to determination of the 
relation between the applied electric field intensity and the 
contrast ratio in the same manner as in Example 13. The 
results are shown in Table 9 and in FIG. 30B. 

Moreover, the general procedure of Example 13 was 
repeated except that for the formation of deposition film of 
the tetrathiafulvalece-tetracyanoquinodime thane complex, 
the complex which had been preliminarily prepared was 
placed in a boat and subjected to vacuum deposition at room 
temperature as a substrate temperature, a deposition rate of 
5 angstroms/second and in a thickness of 100 angstroms and 
that any treatment in an electric field was not effected, 
thereby obtaining a liquid crystal display device. The device 
was subjected to measurement of the relation between the 
applied electric field and the contrast ratio. The results arc 
shown in Table 9 and in FIG. 30C. 

TABLE 9 



Electric Field 



Intensity (V/pm) 


Example 13 


Camp. Ex. 5 


Comp. Ex. 6 


7.7 


1.5 


1.0 


1.0 


8.2 


4.1 


1.0 


1.0 


- as 


~ 7.1- - * l 


"• '1.1 


IjO 


9.4 


14.0 


1.0 


0.9 


iao 


28.4 


1.0 


1.0 


10.6 


40.4 


45.0 


123 


11.2 


49.3 


50.2 


115 


11.8 


47.8 


50.2 


12.6 


12.4 


56.7 


50.4 


125 


12.9 


62.0 


50.4 


123 


13.5 


54.0 


51.0 


125 


14.1 


52.1 


50.1 


12.6 


16.5 


509 


503 


12.6 



As will be apparent from Table 9 and FIG. 30A, the device 
of Example 13 exhibits a gentle increase or decrease of the 
contrast in response to the change of the electric field within 
a certain range. Accordingly, the device of Example 13 is 
able to display an* analog tone. 

In contrast, the results of Table 9 and FIGS. 30B and 30C 
reveal that the devices of Comparative Examples 5 and 6 
have, respectively, a sharp curve of the threshold value and 
have thus no analog tone property. 

EXAMPLE 14 

The general procedure of Example 13 was repeated 
except that a ytterbium mphthalocyanine thin film was used 
instead of the teirathiafulvalene-tetracyaiioq 
complex film and the film was not subjected to the electric 
field treatment, thereby obtaining a liquid crystal display 
device. The device was subjected to determination of the 
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relation between the applied electric field intensity and the 
contrast ratio. The results are shown in Table 10 and in FIG. 
31A. 

5 COMPARATIVE EXAMPLE 7 

The general procedure of Example 14 was repeated 
except that no ytterbium diphthalocyanine thin film was 
formed and no electric field treatment was carried out, 
thereby obtaining a liquid crystal display device. The device 
10 was subjected to determination of the relation between the 
applied electric field intensity and the contrast ratio. The 
results are shown in Table 10 and in FIG. 31B. 



TABLE 10 



20 



25 



30 



Electric Held 






Intensity (V//an) 


Example 14 


Comp. Ex. 7 


25 


1.0 


1.0 


3.8 


1.1 


1.1 


5.0 


1.8 


1.1 


5.6 


3.0 


1.0 


6.3 


4.7 


1.1 


6.9 


7.4 


1.1 


7.5 


13.2 


1.0 


8.1 


18.8 


1.0 


8.8 


20.2 


1.1 


9.4 


21.7 


1.0 


10.0 


22.1 


1.0 


10.6 


23.6 


45.0 


11.3 


23.8 


50.2 


11.9 


25.4 


50.2 


12.5 


23.1 


50.4 


15.0 


25.3 


50.0 


17.5 


25.9 


51.0 


20.0 


27.6 


503 



As will be apparent from Table 10 and FIG. 31A, the 
35 device of Example 14 is gently increased or decreased in the 
contrast ratio depending on the electric field intensity within 
a certain range. Accordingly, the device of Example 14 was 
able to display analog tone. 
^ . In contrast, the results of Table 10, and. FIG. 31B.reue.al 
that the device of Comparative Example 7 has a threshold 
value which is in a sharp curve and does not have any analog 
tone property. 

EXAMPLE 15 

45 

After oblique vacuum deposition of SiO on ITO-attached 
glass substrates fabricated in the same manner as in Example 
1, each glass substrate was kept horizontal, on which a 20 
angstroms thick SiO vertical vacuum deposition film was 

50 formed on the oblique deposition SiO film under the same 
conditions as for the oblique vacuum deposition film. After 
the film formation, the film was annealed in air at 300° C. 

Two glass substrates obtained above were assembled by 
use of spacers with a diameter of 1.4 /*m (true spheres of 

55 Catalyst Chemical Co.JLtd.) and* a UV* curing adhesive 
(Photorec of Sekisui Fine Chemical Co., Ltd.) in such a way 
that the SiO vertical vacuum deposition films of the sub- 
strates were facing each other and the directions of the 
vacuum deposition of the SiO oblique vacuum deposition 

50 films were in anti-parallel to each other. A ferroelectric 
liquid crystal (CS-1014 of Chisso Co., Ltd.) was injected 
into the resultant cell gap to obtain a liquid crystal display 
device. The liquid crystal of the device was formed with 
microdomains with a diameter of about 10 jan. 

65 The device was applied with a rectangular wave of ±30 V 
at a frequency of 20 Hz and then subjected to measurement 
of the relation between the applied electric field intensity 
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and the contrast ratio in the same manner as in Example 13. 
The results are shown in FIG. 32. 

EXAMPLE 16 

The general procedure of Example 15 was repeated 
except that a MgF 2 deposition film was used instead of the 
SiO vertical deposition film, thereby obtaining a liquid 
crystal display device. The device was subjected to deter- 
mination of the relation between the applied electric field 
intensity and the contrast ratio in the same manner as in 
Example 15. The results are also shown in FIG. 32. 

COMPARATIVE EXAMPLE 8 

The general procedure of Example 15 was repeated 
except that the SiO vertical vacuum deposition film was not 
formed, thereby obtaining a liquid crystal display device. 
The device was subjected to determination of the relation 
between the applied voltage and the contrast ratio. The 
results are shown in FIG. 32. 

As will be apparent from FIG. 32, the devices of 
Examples 15, 16 have a width of the threshold voltage as 
great as 3 V/^m and the contrast ratio is gently increased or 
decreased depending on the electric field intensity within a 
certain range. Accordingly, the devices of Examples 15, 16 
enable an analog tone display. 

In contrast, as will be apparent from FIG. 32, the device 
of Comparative Example 8 has a threshold voltage width as 
small as approximately 1 Vfjjm. Thus, the device does not 
have any analog tone property. 

EXAMPLE 17 

After formation of the SiO oblique vacuum deposition 
film on the ITO-attached glass substrate fabricated in the 
same manner as in Example 1, a 40 angstroms thick Ag 
vertical deposition film was formed on the SiO oblique 
deposition film by an electron beam method. The method 
was carried out under conditions of a substrate temperature 
of room temperature, a degree of vacuum of 9xl(T 6 Torr., 
and a deposition rate of 1 angstrom/second. 

The two glass substrates were obtained in this manner and 
assembled by use of spacers with a diameter of 1 .4 /on (true 
spheres of Catalyst Chemical Co., Ltd.) and a UV curing 
adhesive (Photorec of Sekisui Fine Chemical Co., Ltd.) in 
such a way that the Ag vertical films were facing each other 
and the directions of the vacuum deposition of the SiO 
oblique deposition films were in anti-parallel to each other, 
thereby obtaining a liquid crystal cell. A ferroelectric liquid 
crystal (CS-1014 of Chisso Co., Ltd.) was injected into the 
cell gap to obtain a liquid crystal display device. 

The device was applied with a rectangular wave of £30 V 
at a frequency of 20 Hz for one minute, after which it was 
subjected to determination of the relation between the 
applied electric field intensity and me contrast ratio in the 
same manner as in Example 15. The results are shown in 
FIG. 33. 

COMPARATIVE EXAMPLE 9 

The general procedure of Example 17 was repeated 
except that the Ag vertical deposition film was not formed, 
thereby obtaining a liquid crystal display device. The rela- 
tion between the applied electric field intensity and the 
contrast ratio was determined. The results arc shown in FIG. 
33. 

As will be apparent from FIG. 33, the device of Example 
17 has a threshold value width as great as approximately 3 
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V/jum and the contrast ratio is gently increased or decreased 
depending on the electric field intensity within a certain 
range. Thus, the device an analog tone property. In contrast, 
as will be apparent from FIG. 33, the device of Comparative 
5 Example 9 has a threshold voltage width as small as approxi- 
mately 1 V/jum. Thus, the device does not have any analog 
gray-scale display. 

EXAMPLE 18 

10 The general procedure of Example 17 was repeated 
except that an Au film was formed by sputtering instead of 
the Ag vertical deposition film, thereby obtaining a liquid 
crystal display device. The device was subjected to deter- 
mination of the relation between the applied electric field 

15 intensity and the contrast ratio in the same manner as in 
Example 15, in which the bias voltage was ±2.5 V and the 
V reset pulse was ±25 V The results are shown in FIG. 34 

COMPARATIVE EXAMPLE 10 

20 

The general procedure of Example 18 was repeated 
except that the Au vertical deposition film was not formed, 
thereby obtaining a liquid crystal display device. The rela- 
tion between the applied electric field intensity and the 
25 contrast ratio was determined. The results are shown in FIG. 
34. 

As will be apparent from FIG. 34, the device of Example 
18 bad a threshold value width as great as approximately 3 
V/jwm and the contrast was gently increased or decreased 
30 depending on the electric field intensity within a certain 
range. Accordingly, the device of Example 18 can display a 
analog tone. 

In contrast, as shown from FIG. 34, the device of Com- 
parative Example 10 has a threshold value width as small as 
35 about 1 V/jum and has thus little analog tone property. 

COMPARATIVE EXAMPLE 11 

An FLC display device was fabricated according to 
^ information disclosed in the afore-indicated Japanese Laid- 
open Patent Application No. 3-276126. 

A polyimide JALS-246 of Japan Synthetic Rubber Co., 
Ltd. was spin coated in a thickness of 500 angstroms on an 
ITO transparent electrode-attached glass substrate with a 
45 length of 40 mm, a width of 25 mm and a thickness of 3 mm. 
The ITO bad a surface resistance of 100 Q/cm 2 and was 
formed in a thickness of 500 angstroms. The spin coating 
was effected under conditions of 300 r.p.m. for three seconds 
and 3000 r.p.m. for 30 seconds. The polyimide-coated glass 
5 q substrate was rubbed three times with a rubbing device 
having a rayon cloth fixedly wound about a roller under 
conditions of a hair-forced depth op 0.15 mm, a frequency 
of the roller of 94 r.p.m. and a stage feed speed of 5 
cm/minutes. 

55 " Alumina particles with a size of 0.5 fin were sprayed "over 
the substrate by use of a spacer spraying machine of 
Sonokom Co., Ltd., at a rate of 300 particles per mm 2 . This 
is because the spraying of a greater number of the particles 
results in coagulation of the alumina particles. Spacers with 

50 a size of 2 /mi were further sprayed using the same machine. 
In this case, the spraying density was 25 particles/mm 2 . 

Another glass substrate was provided and applied with a 
sealing agent of Structobond of Mitsui-Toatsu around a 
peripheral margin thereof. Both substrates were registered, 

65 after which a uniform pressure or force was applied to the 
substrates until a uniform gap of 1.7 /an was established. 
Two cells were made so that the directions of alignment 
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were in parallel to and in anti-parallel to each, respectively. portion of the spacers and was not uniform at all (i.e. in a 

The pressure was 1 kg/cm 2 . While bonding, the respective wholly black condition, the upper portions were observed as 

cells were placed in a hot air heater and allowed to stand at a bright spot and in a wholly white condition, they were 

180° C. for 2 hours to cure the sealing agent. Thereafter, the observed as a black spot, thus lowering the contrast in either 

cell gap of the respective cells was measured using a cell gap 5 case). In this connection, reference should be made to FIG. 

measuring instrument of Ohtsuka Electronic Co., Ltd., ^3. 

revealing that the gap was controlled at 1.7 /mttO.l ptm A* for inverted switching, it was observed that inver- 

throughout the cell s ^ on to °^ place, in some case, from the spacer portions and 

A ferroelectric liquid crystal composition of ZU3775 of neighbourhood or started from other portions in some 

,.j j SXo ^ j 1 n case. More particularly, the inverted switching does not 

Merck Co Ud was degassed at 80 C. in vacuum and 10 ^ ^ ^ ^ 

heated to 110 C. within an isotropic temperature range, bourhood 

followed by injection into the respective cells in vacuum^ u fc to ^ ^ whca ^ ^ 

For the injection it took 1.5 hours. The celb were each ^ doma ^ arc cxtcndcd and mal ^ lhc cxtcnsion £ thc 

allowed to cool down to room temperature. After cooling of a threshold voltage, it should also have the width 

down to room temperature, the cell was sandwiched 15 of aswitching voltage. However, little extension in the width 

between crossed polarizing plates and subjected to obser- 0 f the threshold voltage was observed as compared with 

vation of of the alignment of liquid crystal molecules prior art systems. The width of the threshold voltage was 

through a microscope and also to measurement of electroop- found to be 1 V. The change in switching domain was 

tic characteristics. checked by changing the voltage in a DC mode, whereupon 

1) Alignment of liquid crystal molecules: 20 it was found that the domain was of a typical boat type. 
As for the parallel aligning cell, as shown in FIG. 35, Moreover, since some zigzag defects were found at end 

when the cell is turned black as a whole, light leakage takes portions of the cell, the cell structure was confirmed to be a 

place about the spacers. This is the main reason why the cell chevron structure. The switching characteristic of the cell is 

contrast is lowered, bringing about a lowering of a black such that the inversion may, in some case, take place at the 

level. 25 spacer portions and their neighbourhood. Thus, the charac- 

Since the ferroelectric liquid crystal is displayed in bire- teristic is like ordinary cells. Accordingly, the cell is not at 

fringence mode, the cell gap has to be controlled in a very all at a level of a tone display in one pixel, 

strictly uniform, optimum thickness. However, at portions Anti-parallel aligning cell: a reset pulse having a voltage 

where alumina particles with a size of 0.5 pan have been ^ of 30 V and a pulse width of 1 msecond was applied in a 

dispersed, the particles serve as spacers. The gap created by bipolar fashion, after which a signal pulse with a pulse width 

the spacers is greatly deviated from an optimum cell gap, so of 1 msecond was applied while changing a voltage of from 

that color shading is pronouncedly observed. Needless to 1 to 30 V, whereupon it was determined how the variation in 

say, this results in a considerable lowering of display quality. transmittance differed from that of a bistable ferroelectric 

This is considered owing to the spacer whose size is great 3S liquid crystal. 

enough for the wavelength of visible light. An undesirable As a result, it was found that when the voltage was applied 

increase in spraying density of the spacers brings about light while changing, it was not observed microscopically that the 

leakage about the spacers, resulting in an unfavorable low- liquid crystal molecules started to move from the upper 

ering of contrast. portion of the spacers and it was confirmed that switching 

However, the .starlight texture, structure based on the ^ took place along fine stripes in the order of /an_which 

present invention results from the dispersion of ultrafine appeared along the direction of the rubbing treatment. At the 

particles, thus reducing the light leakage. In addition, the upper portion of the spacers, the molecule alignment of the 

distribution of an effective electric field caused by the liquid crystal is disturbed and is not uniform (see FIG. 35). 

distribution of dielectric constant is effectively produced The spraying density of the spacers were then changed to 

without disturbing the alignment of the liquid crystal. 45 check its influence. As a result, it was experimentally 

As for the anti-parallel aligning cell, the aligning texture confirmed that with a cell wherein the spraying density was 

of the liquid crystal molecules is such that fine stripes in the in the range of 0 to 500 particles/mm 2 , the switching 

order of fan were observed along the direction of the characteristic of the cell as a whole was just like the above 

aligning treatment When the cell was wholly kept in a black case using a spraying density of 300 particles/mm 2 , 

condition, light leakage about the spacers took place. This 50 The change in cell gap was also checked using a center 

causes a lowering of the black level which is a main cause value of 1.8 fan and 1.5 ftm for the parallel alignment (in 

for lowering the contrast of the cell. A number of defects either case, the cell gap was controlled within ±0.1 /an), 

which are found about the spacers are considered to mainly Similar device characteristics as set out above were 

cause the light leakage. obtained. With the anti-parallel alignment, the cells using 

2) Electrooptic Effect ssCe u gaps having "center* values Sf 15 /an' and 1.8 /an, 
Parallel aligning cell: a reset pulse having a voltage of 30 respectively, were checked with similar results being 

V and a pulse width of 1 msecond was applied in a bipolar obtained. 

fashion, after which a signal pulse with a pulse width of 1 From the above results, it will be seen that the display 

msecond was applied while changing a voltage of from 1 to devices of the Japanese Laid-open Patent Application No. 

30 V, whereupon it was determined how the variation in 60 3-276126 which were faithfully tested according to its 

transmittance differed from that of a bistable ferroelectric examples did not produce such an effect as set forth in the 

liquid crystal. Application with respect to the tone display. Thus, such 

As a result, it was found mat when the voltage was applied devices are experimentally confirmed as not at a level of 

while changing, it was not observed microscopically that the practical use. 

liquid crystal molecules started to move from the upper 65 The present invention is particularly described by way of 

portion of the spacers and it was found that the molecular examples and the embodiments of the invention may be 

alignment of the liquid crystal was disturbed at the upper further varied or modified within the scope of the invention. 
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For instance, various variations may be made to the types 
of liquid crystals, the types of materials, structures, and 
shapes for the respective members of the liquid crystal 
device, the manner of assembling the device, and physical 
properties and types of ultrafinc particles used to form fine 5 
microdomains. In addition, the manner of addition of the 
ultrafine particles may be varied and such particles may be 
distributed not only in liquid crystals, but also on or in the 
alignment film. This is true of the other embodiments of 
forming the microdomains by buildup of a film such as of a 10 
charge transfer complex. 

The starlight texture structure based on the present inven- 
tion is characterized, as stated hereinbefore, in that two or 
more peaks of the X-ray diffraction spectra exist at an 
incident angle, a, of X-ray of not larger than 90 degree. The 15 
two or more peaks may exist at an incident angle of not 
smaller than 90 degree. In short, at least two peaks should 
exist at the incident angle, a, of either not larger than or not 
smaller than 90 degree. This essentially differs from known 
liquid crystal cells having such an angle of layer inclination 20 
that only one peak exists in the vicinity of the angle, a, of 
90 degree or only peak exists at the angle, a, of not larger 
than or not smaller than 90 degree. 

In the foregoing examples, liquid crystal devices which 
are suitable for use in display devices have been described 25 
since it is favorable to realize half tone especially with the 
display devices. The liquid crystal devices of the invention 
may be applicable not only to the display devices, but also 
to filters, shutters, display frame or screen of office automa- 
tion apparatus, and phase control devices such as for wob- 30 
bling. In all these devices, the transmit tance or contrast ratio 
which depends on the drive voltage having such a threshold 
voltage width as set out hereinbefore can be utilized to attain 
performance as will not be achieved in prior art. 

Once again, the liquid crystal device of the invention 
comprises a pair of substrates and a liquid crystal provided 
therebetween, characterized in that domains whose thresh- 
old voltages for switching the liquid crystal are finely 
distributed throughout the liquid crystal. Especially, micro- ^ 
domains whose threshold voltages (V^) differ from one 
another exist in one pixel, so that the transmittance of the 
microdomains can be relatively gently changed depending 
on an applied voltage. Within one domain, if the liquid 
crystal molecules are bistable, a memory function is 45 
imparted. Thus, flicker-free still images can be formed. In 
addition, since one pixel consists of domains whose thresh- 
old voltages differ from one another and have a size in the 
order of ptm, an analog continuous tone display is possible 
at high contrast. The gradation can be realized without 5Q 
resorting to a specific type of pixel and a specific manner of 
driving and such a liquid crystal device can be fabricated at 
low costs in a easy and reliable manner. 

What is claimed is: 

1. A display device comprising: ^ * 5J 
a substrate; 

liquid crystal material located above the substrate an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film^ said further film sel e ct ed from the group consist- 50 
ing of charge transfer complexes, organic conductive 
compounds, metak^ oxides, and fluorides; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages. 65 

2. The display device of claim 1, wherein the alignment 
film is an SiO oblique vacuum deposition layer. 
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3. The display device of claim 1, wherein the further film 
is comprised of an organic conductive compound having a 
conductivity of not less than IxlO -12 S/cm. 

4. The display device of claim 3, wherein the further film 
has a thickness which is less than 300 angstroms. 

5. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides, and fluorides; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the liquid crystal is a fer- 
roelectric crystal. 

6. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the number of domains 
having a size larger than 2 itmty in a field of 1 mm 2 is 
not less than 300. 

7. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the number of domains 
having a size larger than 2 //m<J) in a field of 1 mm 2 is 
not less than 600. 

8. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein a width of the threshold 
voltages within the domains is not smaller than 2 volts 
within a transmittance range of from 10 to 90%. 

9. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides, and fluorides; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the "fine- particles have" a 
range of dielectric constant values. 

10. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides, and fluorides; 

said liquid crystal comprising fine panicles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the fine particles have 
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substantially the same dielectric constant and a range of 
different sizes. 

11. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides, and fluorides; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the fine particles are tita- 
nium oxide particles. 

12. The display device of claim 11, wherein the titanium 
oxide particles are amorphous titanium oxide. 

13. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein the fine particles are com- 
prised of a combination of carbon black particles and 
titanium oxide particles. 

14. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein a standard deviation of the 
fine particle size distribution is not less than 9.0 nm. 

15. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate; 

said liquid crystal comprising fine particles and fine 
domains having threshold voltages which vary over a 
range of voltages, wherein a specific gravity of the fine 
particles is from 0.1 to 10 times a specific gravity of the 
liquid crystal. 

16. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate an 
alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides and fluorides wherein a 
temperature dependence of a cone angle of liquid 
crystal molecules constituting a plurality of domains 
whose threshold voltages vary over a range of voltages 
is smaller than that of a monodomain. 

17 A display" device comprising: ■ - — - 
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a substrate; 

an alignment film formed on the substrate, an alignment 
film formed between the liquid crystal and the 
substrate, a further film formed on the alignment film, 
5 said further film selected from the group consisting of 
charge transfer complexes, organic conductive 
compounds, metals, oxides and fluorides; 
said liquid crystal material comprising fine particles, said 
10 fine particles having a range of dielectric constants. 

18. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
alignment film formed between the liquid crystal and 
15 the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides and fluorides 
said liquid crystal material comprising fine particles, said 
20 fine particles having a range of dielectric constants. 

19. A display device comprising: 
a substrate; 

liquid crystal material located above the substrate, an 
25 alignment film formed between the liquid crystal and 
the substrate, a further film formed on the alignment 
film, said further film selected from the group consist- 
ing of charge transfer complexes, organic conductive 
compounds, metals, oxides and fluorides, 
30 said liquid crystal comprising fine particles, said fine 
particles having a range of physical sizes and dielectric 
constants. 

20. A method of manufacturing a display device compris- 
ing the steps of: 

35 providing a substrate; 

placing a liquid crystal material above the substrate; 
mixing fine particles in said liquid crystal for generating 

fine domains having threshold voltages which vary 

over a range of voltages; 
forming an alignment film between the electrode and the 

liquid crystal; 

forming a further film on the alignment film, said further 
film selected from the group consisting of charge 
45 transfer complexes, organic conductive compounds, 
metals, oxides, and fluorides. 

21. The method of manufacturing a display device of 
claim 20, wherein the further film is comprised of an organic 
conductive compound having a conductivity of not less than 

50 1x10"° S/cm. 

22. The method of manufacturing a display device of 
claim 21, wherein the further film has a thickness which is 
less than 300 angstroms. 
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